12 United States Patent

Liu et al.

US009456480B2

US 9,456,480 B2
Sep. 27, 2016

(10) Patent No.:
45) Date of Patent:

(54) DIMMER CIRCUIT AND LED LIGHTING
DEVICE HAVING SAID DIMMER CIRCUIT

315/200 R, 224, 225, 2477, 276, 287,

315/297, 307, 308
See application file for complete search history.

71) Applicant: OSRAM GmbH, Munich (DE
(71) " App (DE) (56) References Cited
(72) Inventors: Yalzrlng Liu, Guangdong (CN);-Zeke U.S PATENT DOCUMENTS
Wei, Guangdong (CN); Dan Lin,
Guangdong (CN); Yan Li, Guangdong 8,810,156 B2* 82014 Brassfield .......... HO5B 33/0818
(CN) 315/291
9,307,601 B2* 4/2016 He ........cc..oo...... HO5B 33/0815
: : 9,313,840 B2* 4/2016 Grisamore ......... HOS5SB 33/0815
(73)  Assignee: OSRAM GmbH, Munich (DE) 2008/0224636 Al* 9/2008 Melanson .......... HOS5B 33/0815
315/307
( *) Notice: Subject to any disclaimer, the term of this 2010/0060186 Al* 3/2010 Taipale et al. ................ 315/291
patent is extended or adjusted under 35 %8 :1;81;) égjgg i: léggg Eaﬂg et al*l +++++++++++++++++++ gigﬁgz
1 1 uang et al. .................
U.S.C. 154(b) by 115 days. 2013/0221871 Al* 82013 King et al. coooorroovovvv.... 315/254
(21)  Appl. No.: 14/205,610 * cited by examiner
(22) Filed: Mar. 12, 2014 Primary Examiner — lung X Le
(74) Attorney, Agent, or Firm — Viering, lentschura &
(65) Prior Publication Data Partner mbB
US 2014/0265904 Al Sep. 18, 2014 (57) ABSTRACT
A dimmer circuit may include: a rectification module, a
30 Foreign Application Priority Data . "
(30) st APP ty control module and an output module, wherein the control
Mar. 12, 2013 (CN) 2013 2 0112025 U module receives an mput signal rectified through the recti-
T fication module and controls the output module to supply a
oad with an output signal 1n accordance wi ¢ 1npu
(51) Int. Cl. load with tput signal d th th put
HOSB 37/02 (2006.01) signal, and a compensation module which collects sampled
HOSB 33/08 (2006.01) signals characterizing dimming state of the dimmer circuit
(52) U.S. Cl between the control module and the output module, and
CPC HO5B 33/0848 (2013.01); HOSB 33/0815 supplies the control module with a compensation signal 1n
(2013.01); HO5B 33/0854 (’2013 01); HO5B accordance with the sampled signals, the control module
7 3702 (2613 01) changing the value of the output signal according to the
(58) Field of Classification Search input signal and the compensation signal.
CPC e, HO5B 33/08; HO3B 37/02 17 Claims, 3 Drawing Sheets
100 / 3
L7 4=-e ............ m e Litﬁ“ N r g St IVOUTH
D T 1
) . ' 1: : _j_,f;:f:__.,. K . ;
*'*: :: E T';;;,-i:_,u,_ : _._._:é-‘_._._ .:; VO l J T-
Rl D ittt T SR P e s on ot e e iy
NN b e o e HVE E
1 vee S LS
L :3 A Y e 3
e : e T e P T R4 L
Mo, L " 1C I v N S Lo b
prer s oK e s ;:‘".;'55; em g ) rep ! . v
SN A £ PER L =ecs [N I S S — .
S § 5’ by Q3 e - wiadrd, r
v S é K2 s e L E o :
= : R& ,_ :-E E Qo [:’K41\!1 »
e Eerdeeed ' ‘I RG: [t : S :
- : : : : HEE: I ) , K421 " 86
L A AT T Q2 sy ove BRI ATY :
t-? E 33 :;E_."‘"“"'““ " DE.TM T EE :
R T S b R3 op Rz RO ety
IS T TS SO S S o S S NPT S S Nl S S
R %WWWW”E; Vsense E' ;ﬁw ,,,,,,,,,, ;,;.vm;f,
\ . \4



U.S. Patent Sep. 27, 2016 Sheet 1 of 3 US 9,456,480 B2

r

AN 0 RN, R, ST AN e M s e q@ﬁ%ﬂﬁﬁnﬂ“}“&wﬁwﬁwm A TV e Y e W e e e e R e e e ._.~..~.-.~._..~.-.._~.-¢._\i

3 |

LN

. r'|.'|-

A g b o

-_'Il_ﬂ_-lll;l L T
e
. .

!!EFZM

R A s e A

LR L L thtﬂ}ﬁ%ﬁﬁ}_‘b‘rﬁ‘]}mﬁl‘ -

' w'm . fl-.-‘.--'

L]
glv;l'_n:lnl'i;n_:h:l:t ll.l\.q. -'T;‘&- - !:h__"'l.__?...l'l'ﬂ-l;h - .

oo

e T e g o e Py B e e T o i e e e TR e e e L e e e R

ot __? A o -rj:‘.-';f#'
I T T .#'-..p@ gt

-‘-l.-'-.p-:-- ﬂ'--'l'; —— --l-ﬁ-p-
. . . .. "

LY . ': A )
. 3 : % : ; i
" "_; L . - . :
} : } % 3 - , - 1
- 4 L . 2 '
j. -1 ' 1 L - . L] 1 '
\ . L . ='. ¥ -:. .
1 ALILLITLITY I:"I.!.'!\.'l_l-"! Ty - i . . - M wm - wr ! T-“"-"l"!'l“"‘\-!"‘- - - ?I"‘I-’i-:‘h-lr'l- o oy P iy -'-wl"'J_'l-- Il b SR
X ':
o, i-
L 1
LB i
] 4
L - 3 .
LREY fdirives : :
nhel aha® o il -l

.‘:“

e e, jﬁ'u‘;'_'al' W R N I
T

pppaet volage

-
n
- .. 3
£ L3RV ER '-
- -.--l’n.l _Jl-!!l._ - ' - = T ™ X -|..l|..
o Ll - = 0 LA
" . ‘ﬁ:‘ . . . .}.‘1‘ - .. . . . .“ .;HH‘-_*-* ] = R al .
. % P W L,y " x'q"-"!:-!‘".":-:":-\."\"'-".:"ﬁ"" . i = e L "-.: i et e e A ;. L L oo . - Py " TEE
. L - - .Il _l. ' "y - l‘ -l e . = .I - l..
. = i . " ‘ﬂ. ‘m l.. .'l. Ty I a "I. SN R .'.. . - '.I a7 '::.'I.. i . .|.
} . & | § " L L .q. r - -! "y L n L] -y n L ! ' N b | . - =
. » . i :' . _?I. ' l:'l. - . " . "'-.".'. I'*\. . . -::- "'1'1.. o 1.. », N .l_.l' T = "-.:q_. .
s . : | 1 E s B R N e v T W ! ] . . A
} . o, : . _‘ n : . L .-H \ L . - . . ! ; ll"h__l._
- % N " : . o . k.
L L 1 B - %
-tl‘h#—-:hfu e e e T e e e I‘l"ﬂ-'l-'li“h'l-“'l'r:u'l*-"qﬂr mhj-.-'-fq.-_'q'-"n?'-'_‘l-‘v:vq.!. 11&‘&}-1%‘-—‘-‘-‘!-9‘5“. e e 'h‘q-'li-“’?!. g Ty T, i ey ey '\'I'u"""’_l'h e R e
. ] N L - v ot !
:" *{ 1 T : "H r & { .
A , ; 1 . ¥ ) : ; .
[y L] ' - - .:I - h - ,} g = r -

o * R - I . B O R ) . Lo . . - - " T R .. o7 -, ) - e
R N AR e SR . C e R L LY ELL NPT VL QRIS AARR YN IR AN A WP AL, i, e b e
& % 1 a X : \ - .

*

.

1
Y N

e, 1 'y N . 3 L P H
2 ; 1."' A s A e A - e mm"i-»w-ﬂ SIS P, --a-l-"--.~-.a----.gl-«.---..r‘:I w-——w-h-wv::n." = e e T - -
'R"""""""' ‘W“H‘I%‘h‘“x“\““‘h e U e e e e W T .‘-.*-.*n."nn.'q.'-."-.-ﬂ'-uu e - - :q,"‘. -y % - - — g gy g e Ry
. . . . . 3 B . .
. ; ! 1
1 1 1 ]
. 4 -
] [
£ 1 y
3 1

ei;

k [ ]
L]

B TR L R
[Rayp——

-

[N Y N

g
%_-" -
:
%
¢
j
:
:
:
3
f.
:
E
¢

A A e W T e e o e e T e e e e e e M

Priny &3¢

100 b

"rimanatis avrmnanananandy

I

A
75

B AR L EE s e R T AR LR NI ' m q.'q_ll.q..

-~
n
LY
-
L
iy
-y
0
L|
-
LY

o

T w W ‘m
n
n
]
L

Lo
L
n
-,
n

wEE T e e e e e e .

[ i i A e

.-........’%

e e el o

N 2 A s s

e e e e e e E R

Figure 2



€ 2IN3s0] >
4 b

US 9,456,480 B2

$ |
&.nr. G A e, R T G kaﬁ_{&g st AL I L I T ] ot i { s i
. “m - ey any W g Y W amy m g W _ “..-1.-1..1.-1.._1.-..-1.-1...1....1....l....- _ .— - hWJIJIJIJIHJlJlJlJlJlli “ “ 1..!.......!.!...!.."..!...1..1._.1...1..._... —
i - i X : i { . ,
- ﬁ # W “‘ “ u ) . _
“M t?ltl}ll"!l.(lllllﬁl‘llll‘ I..._.-....l...l...l...1..I...1..1._I._I.__1-_1._I._.IJI)1..Nﬁ — ﬂ M ”" “ ﬁ;ﬂ;&rﬂ.ﬂ._.r,..-r,..l..r._-..,..l.,..l..r.l..,..l.,..l..r.l.,..l.,..-r.r_-... e e e e e _1..| 1fffffriﬁl{iﬁ.béaiaiai.iai._1..._1.. L I I A A L A S ey -.”
. 3 - .
o : f .. : : _ T @Wﬂmm\f % _ . po o
.ln .— " ” — # ! K “. m 1 A L" " _ dp i e e e e b
. . .. H ”“. * _ .m m“ — ﬂ “ ”m m ﬂ m “..i LN N ¥ U Ay ._.-..W:.- - e e e e - Wl - l.-. "m — et e e e e e 2
. ' ! . . ! { ' b - . . " - : : ”.
i . - i . . 4 1 * ol . .._"_ . . — .
| , : i ey e deeee S : : : : : : Loy
- : : T ‘ ' : : ; : : : :
: a H * 1 . — ﬂ “ un H i ¥ * ” ” “____
# . . ' F . e e e - ﬂ [ [ » " - . — ]
& ¥ F ] . L) - - L L] _._.
. RPN e } PR . m\ ] ¢ ' ! . R - vy ¥ .
§ ! T L : O _ T I : ; : A t v S :
) ' “ ‘I.‘.I..‘.—..—..IIII “-l ..“. H _ I-.I””.-.-'- " _—. “ “” “ "” ”" —..n..—..—.....'. .1." “ ”. H”.- " — "“
Ty .— ..“ ' _.” . H ﬂ — - ” — . .II._.I..I.-l.-I”" . _-_1Ll| lﬁi|1..._-....l Iﬂ.l.l.._l:l.l._l._l..l..lu_l.._l.._l...l..ln.. “. ”tlf....{lfu__- e T l._l._l.._. l_l.__l-_.lli.lf.._.-..-'.ri.....l..”. " ” ”” “ ." ”“ “ _ H“
a ”-.I. ‘a . ¥ 2 _-”_-_ ; A e e e - .l.-. n ) r s . * “a ....5. g e " »
. - ﬁ - » l - ¥ 1 [ 1 ' ﬂ “ t - ] - ¥ i‘. . “ -
. - 1 r . L 1 L " - i . *
w. ﬁ ” h. H - . .” ..-.._.. IIIIII - » II'DT " ”.__..... . .— * “ ﬂ n ”. . .1- 1" " ". “ ” — ."
ﬁ ” “ ﬁ — T”ﬁal.l..l” I..-_...__.I..-..I .-_..!..! .l.l.l..l..l.ll.-. ..L_ "lli.iilillll_" m H “ “ “ ” ﬁa‘;‘;‘.‘ﬁﬂ " W _”_ .__-.r . _ "“
n L a ' ¥ . b . i
r . A A g g M ’ : . . . .. 8
E o : : ;! Lo N> mm N ! : _ (=« : ; : W :
+ * i ™ - .. . * t fa ! .. r
{ y N i " g " { W ¢ awe 4 ¥ .. . “" ! PR r
; _, : L - y g8 .W w : : : ; " EX :
K § + i .” . H.r l” . L4 -- ¥ L] 1 .-..- - '”
: : : N et _‘N.wv‘_ _ . N b ; : ‘ " o :
.T_. _— 1 o - "..- T 1“_ . % _ n ¥ ! " . ¥ ..v... — L)
o+ .— .....l.-_.l..._...-..-.........r@ui.illlllhl—l.t — ” * ¥ m ” ._” u. ” % ||||| e o o e % " o ....-.-.. _ "..
- B - . I ¥ . -
e * LN T L] » " N
3 ) W- > : ¢ i I _ ; b oyl . “ [ ; : ‘ : ) q :
N " H ” T _ ¥ .— ﬂ N n ' ¥ " H ”. [ . ]
; X % .” ; S , : : : o :
f " - ﬂ i E I .k ¥ ¥ v " ” ”. "._ 1 )
“ _ - _ ...__ ....ﬂ. K 3 _ -.“ . * . '.__ 1 — i.
0 a , { ; : l : {5t ' e 1 ". v , . ot N : ;
! - . . [ - . r Y -._lt_ -
. : L _ ] b Hees ety W _ : P TN o :
2 M ﬁ “ - — |.. ﬂ m “ ¥ & aan e ") “ “ ) '“ " ” ”" “ l.l..l-l.l--l...-..l_..-. “. _ ”
1 R I .“ ) ( ’ . “ " 3 { '
: . vy _ : “ : t : : :
i.l - l... - " 4 [ ] 1- ¥ .1. .- A L] -..
N ) = AT 0 ; Vi T ED Hy : : : . :
& L | L} L} [ ] r u ] + L]
P g ! U , ] T ! b : ' : ’ P :
e ' .— m “\ ; T A R Ak e A A wh b sk e S mE b s el S mh A s am. ; m.... ' ...N_. -bthbllmilﬁul.l#% mx ”" n ___._' .” m — m
N. .— . m “. ﬁ T4 .".t. ‘ _..-_ “_ s " n 4 hth ”_ * * - ¥
n N - [ | L ] 1 |.n L] l‘ + F
h . H - ._l-l - * ﬂ “- H m “ H . . “” ” ﬂ ” - ” ”_ “._.h__.u..._ “" - ._..- . H — ".
S . » ” H ” .-._ll.ll-lll.._... * - ﬂ 1.!..1.-...““.' % .l....-_..-_.__..._.l. -.” .l...-_.l..l_.._l...l..l...l..l.l..lili*l@l.ﬂll.*.l.l._._I"_IH .i".!.I.I ..l..l..lu.l..l“.l.l..l.l.nﬁ.fl:f.!.__..._..-..__..._..-..... -..
T LT — ‘ ! o m ’ i O o K v R A v
[ . S mm_—_—_—— - —_—_—_—_— e — - - . . K w ' K ¥ e
h H l“ _ “ __.n i- . ﬂ .'.r. h :". ..l ." _ “. M :“ .” - I_- — ”
Y .-.” H- __.I._..r... ! * ﬂ __-lfl_'. - “..r 1 r ' “n L *
_-" i X " | B W i Ao e e t ¥ Y Sl — *
i LI N A 4 ' L] - a
. i IR B | : ! ; : ‘
$ { "\ ] ! O O> "y } i I : * . i .
. H .__._-..l.l.l.l..l.l..l.tttt.......t... A % 4 A 4 4 m e EEEE R I.I.I-I.I.I.I.I-l.l.l.ﬁm llllllllllll lfl..l{l.-l.-l..l..-..u...-.“ ‘ dRLh oLis EOE  CERD SO DR L ﬂ “ “ ﬁ r ..Iilﬁﬂ»}.ri}“- L-.,.-...,-I,_.....,-...,.......-u- — ”
.l ._.” M. . .. -
P _ — ” Do P : e o e e ; OO> _ : “\
LI | | L} L |
h F m m Ill.lll.l C l “.lsvl)}hlmvl-vi-vilﬁlll]lll}lll]l._illwlu:l..l.l..H.I..l.l l.l.l.Wuﬂ.lul.rl...l..."nr.ln,.l.,.l..l. rea'r e e, l..l_l e E A " ” — "
- [ ] 3 L} L]
! ! ” { ; i : } f
- ..l_-..-lllllllll. “ -
= e 1 T L T B ST Ml e e T mem g mom = e . . _ ; ' : 1 :
i " . : o W . MRy R e, wE . o P o ol o > * > 1
0 H “ u ” ﬂ .I.l_"_l.l. ﬂ. ll-.-l!-llll...lluilllll._.lr.ll.ll.lln.lll.-llll.llull-lll.-lr.ll.ll..ll-lll.lll“..ll.ll.ll..lll.-ll.ll._ll.ll-lllll!-ll.ll B L, T S S -
L] L] - L] 1
L4 - .
Coem kg l.. ” u ” _ ”” 1" “ h “
. * . " * ., a 1
e . ¥ . t oo ! $ .
7 N .-..-I__. i rl__._l.._l.'l._.l.—-.-.._.-,...l.-JE&E&”‘{?’%&(}&%E‘}1...1..I__1J_I.__lulJiul..iJi...lli..i..l...lr{;.lr{r{rl...— .-l ‘it ' e e e e e e e e e e e l;..l.l.l.l.l;ﬁ n 3 » L ]
) - ol . mat ol
s . ; ” g ! . y : ! ' e ]
2 “ ._._ “ . _.U.“_"..__..._._.i.-_.....".____ .".m-. m ” ﬁ “. _. ﬂ o "
. .” * - ." ) .-_ . .:-. * L] - _-...,_l..,_l..._l...l.lrl.,.l.,.l.,.l..l..l. X
L ] ; . y b { p ! - i ¥ . p
p : : - ‘ - i : ! . ¢ i - :
2 M 4 A N C e me e \ . ! r ‘n u
e H ..-l.l“-. “. 1" __.r.-. -.h li‘-----'-ﬁ---lﬂn “ “ " " “ “ ”.- " I_l..l..l..l..l.l.l...l.l...l..l..l..l.l.l..l..l..l..l..l...l.l.l.l-
x 4.. * g : .__.“_ .“. * 1 m ’ ﬂ ﬁ " 'y ¥ "
& - L 4 - d | L J L 4 ] r LB
s p. : REREEY : : _ ; : e . " oty
: _."u + ._....-___._. % 3 — 5. i e } “ ....T__.-.__..-....-q. ﬁwl = l.__l.__.l.t.t.t.t.t.t" - Z
. . 1 : -~ - 1 o e . » -
: v . 2 r ¥ ! : 1 } (e e 2 : . :
R RS P: wﬁm B [ S : : : ; :
v RO ar L i . | . | i : 2 .
., - T . L) . ._ 1 1 "
B ) H “ 1_.. “ ” .___......l...l.r.ﬂ..l.._-_..l..._ _ ” -. "y ﬂ ﬂ “ ".. ' -“_. H
. - ¥ 1 - . * ] ¥ g
N s oo i - “.__._. i . } : i b i " K :
- s~ . . . * 'y Mg . ]
: *\ x _ DA A A A s 1 “ : { " t ! . : e e :
" st 1 1 [} * - ..l-.l " ¥ a » 1-..-.}_“ 4
& : P : : _ : _ : ! ﬁ m : P m
M ¥ ¥ " ¥ » - .
: oo L : : | : ! : : ; : : :
Fl . Lk * 1 e i ¥ r . . . *
._._._..l.l.__.-..i_. ” “__. .1_-.1" H “. ,“_.. ." n “. —. " u. T ﬂ " e H " TELR R Y Y
_ N ‘. y . nal . . . . 8 } ' | o p x p . ’
+ : O > ] e et i ' _.t.._ ) u.llllllldlllnlllnltltl,lrlplfn.%rlililrllllll [l T PR PP P T PR T P P PR e e . g .I.I..I%.li_i_i:l T NN ._....__:.__.'!l%!.!.l.!..l.l..l..ﬂ..l..l I.illllllli‘.lﬁ.l.i.l.ll e e ol ol ol e e ) i.._l_..l FF A .._-_._l._-_..-_.l._l..-_._-...-_.._-.“.__...___..___.ll....blll#ii#iﬁllll.l!!l!l R .-_.l”..____._ . R RN L LA LS .ﬁ ﬁ!&.‘.‘uﬁ P -.t.r..l” ___“ Iﬂ
a 1 . . l;.t.-. "y . 2 “ | - ..-..-1‘. .-4. - _
.-..._ .-.. . . u....q . n .-.l- -1 . ...1. r .- -. l..
i " ”. :-”" n H v x “ v m m .-..1...!.._-. . LR m. " LI )
. - | |
H .r L —— “ -_lu..lu...l....l...ltl..ultltl....l-_.l—_.l.._.llul._.l.._.lr.l._.l.__ul._.l.._..!.._..-_r.l._.l_-.-
1 }
i §
A A WM B ML BN WY M S AN RN . R OEBEE RN AEE M M BN ERS MEE BRSNS WA B S B A BT WS WIS B A AN BN B BN N A B REE B N BN EES R BN G T S A B A “ — e i ma mar s i s i e s mar ot i ik s e e mmr e mr e wi e s wmr dmr  nde wmd Mt mar s e e e wmh dmr  nee e me omar sk

2 001

U.S. Patent



U.S. Patent Sep. 27, 2016 Sheet 3 of 3 US 9,456,480 B2

Wy m'E FF o o o e e o omr oo wr ot m B B N W N g a A W R p R ok ik i ke sk " . N ..
. . . . ' i e g e e TrTATET R TR TR R Y R R R F R R R MR Bk or o ok b e om om oy I T T T R A S . . .. .
. - -t o2 - - ko oF o E momom oo omoa oma o woLoagon A -y - .

. ..

-

-

=

.

ar

.

'

'

'

'

'

'

'

'

-

-

-
P
-. -"'\-_'\-

P

'

"
T4
'

»

T
a

T . B bl b bl Ll LY R
L
L]

-
r
-
[ ]
-
L]
4
-
3

.
-
»
1
o
.

-
[
LI ]
-
-
r
L

- .
'- L] . L
4

a4 L]
4

-

o4
a2
-
-’
-
.

-

L]
L
r

-

-

¥ 1

"

- 1 .

'J ]
x

o

-

"y
Y
L]
F
Tu

- T
. E

ahowoada
-
"

Fl 1
1] -
sy ok n R R R B T e AP T “. ¥

e S LMLl it R R R At tale #_i_l'llllllrlﬁl_; :4_“4-‘1:3‘_4*1_?_:‘#_4_4_ T

T
. -

LED driver
input voltage

F 4 L] I

. - +*
LT Y N T LT I A Pt e e e e ey & & Jod dkod ko ok kX F LN ) A
- . R R . Oy T . T

T

* F ¥ F F FFY
L] . L LI LI | rl..lll'rll bl.blul~hl Fr r e rrrrrr

4 - L] 1
L]

- . -
-

-+ ok

a
L]

a
] +
[

3
1
[ ]
-I._-i ..

o+ Ao
~

-
L]
LI
.'.."-
ir-i._‘_
‘*‘J
i
'
r
LI |
1
| ]
y

4 - wx wr kb mtadnmmad
-
r
3
3

- ..-*-;:.f:‘.-w B, wbady My by p ppd cm B B s m -mmem |.- S A TR R W A en kded A ke . tp—pm - .E.—_ e -....".!E.'_ — e e e ams :' . - e md o e oW :mm P EcR B Mgmaa o atath b, bl e s r e e m b
g . o . e . _'. "::fl:-.'-.. . l*.?:..::: ; t.‘.:.."':‘
# BT E e ; A 4 it \';t'"""'itc-;e;-r“'fF g g

¥

LED driver

.-:"' L .
_ ol
§or

1] .
: o : - Ra= e, :

r *

Al ila-—-f.a-Iaa.-..ba.a.a.la.a.a..ia..,q.._.,...‘....-...-... - m Emm e e _ a4 ) ) o . - ) . ! b '

. § * . ) ) . " * l'|F"FJIl-"'ll"l'r"-'":l"'-""r'-'-"'-'-"ll'-'-'-'-'-'-l|l--bi-ll-li-i-i-----------'.q.-q-qy..q N e N R T B I T - 1 a
R " . - r . 1 N - ' FTs s mTTETEAmEEmEgREEERLASASFREY -~k afmaraas s maasa s Ak e -, _ - om - n .
L] [

. i .

1 iR
1 1
]
]
]
b
1

=« s - - .

|
|
|

- .- 1 - L] - .- ro=- L] - . " o -
‘]."‘].'1.1'].";*‘- AR NN R RN ff'if-lliff-rilfit'iilit'!l-' -i-l-r--rr.-ri"l-uu vl 4 ] 4 4 ] LI ) :
. £ NE N LN L NE NE L N LN N N N L NE R R L NE ML N ML N L NE N NU N NLUNC NC ONE NCCNE NN N NN L L L N NG N N R N L L N B e NN N N NE R N N N N N O RL NN N NN NN N N N EE N N NC R NE N N NG NE NN N ONC NC N B ONC ONC NE ML NL NE O NC I R T
FEER SRR L oE o 2 N N el el e R NE N N R R N R N e e O e N NE E e e O R E N e N N E E e e e R W N ef e e N N E el et el e Nt E R E e e et et e Nl R e R W E R E N e Y RE R aE
e D A SELIE L AE L BEAE L L AL L AL BESE A RE M A i B DEIE A AE A AL AE JE AL AE A BE AE A AE A R R 0 ML R AE M AE A AL RE JE AL R A0 AL RE A M AE AE ML AC E MR AE ML AC A ML AE E M RE AE ML RC M RC AE MLRC E M RC AL M RC E MR AE M. A C M
™ e P e
- . 1 - ) . -
AR TEEEE Sokdide - s T T R SR, Belelgled  plhglglgly  hyiglubet pdamsdam)  maskaskyigs " ; : — ; -
Ty i -l “arlam -
. bd bl i ke PR R Bl gk el il - - Ciwrt et ettt g BEEEEA Sashsmds  edpspes g R BBl iy
.l'
a L]
. r
r
. .:.
. ]
1
d L
J
\ L]
Ay 1
. ]
.. -..
1 1
1= - k& . . - [ .
R E T E 77T E W gy kR ey mmm m o m, R W L L N . ﬂ\.,r,._.,_,-_______“.___“_‘_‘_I_‘_‘_‘_‘_‘_____‘____l___.1.‘1‘111.“_l“_.‘.LL‘_**_F_F_F_F"'_F"'.--.'--". . T e m e m



US 9,456,480 B2

1

DIMMER CIRCUIT AND LED LIGHTING
DEVICE HAVING SAID DIMMER CIRCUIT

RELATED APPLICATIONS

This application claims priority to Chinese Patent Appli-

cation Serial No. 201320112025.1, which was filed Mar. 12,
2013, and 1s 1ncorporated herein by reference in its entirety.

TECHNICAL FIELD 10

Various embodiments relate to a dimmer circuit and an
LED lighting device having said dimmer circuit.

BACKGROUND 15

With rapid development of lighting devices, particularly
the development of LED lighting devices having high efli-
ciency and requiring low power, various luminaires applying
LED technique are widely applied to every aspect of daily 20
life, for example, indoor lighting or public lighting. Conse-
quently, the requirements of users on electrical performance,
mechanical performance and lighting effect of LED lighting,
devices are increased. At the present, a PSR type LED drniver
circuit that works based on the phase cut dimming principle 25
1s widely applied due to the requirement of the market on
product cost. Moreover, higher and higher requirements on
dimming range of LED lighting devices having such a driver
circuit are made by users, for example, 1t 1s required that
such an LED lighting device can provide a wider dimming 30
range, and particularly, a deep dimming 1s further required
when said LED lighting device 1s regulated to the lower limit
of the dimming range. Considering these requirements,
improvements are provided in the prior art.

In a solution of the prior art, 1t 1s provided that an LED 35
lighting device can have a further deep dimming in a
situation of reaching the lower limit of the dimming range by
adding dissipative elements, such as adding a bleeder circuit,
wherein said bleeder circuit i1s enabled to share partial
clectrical energy of the whole driver circuit, so as to achieve 40
the object of performing a deep dimming, and the dimming
eflect thereot 1s shown 1n FIG. 1. However, 1n a situation that
a deep dimming might be allowed, a large quantity of
unnecessary power dissipation is resulted from such a solu-
tion, which renders that a large quantity of electrical energy 45
1s consumed and wasted. Moreover, 1n order to achieve said
object, extra dissipative elements have to be added in the
circuit. In this case, not only cannot save electrical energy,
but also unnecessary cost consumption 1s generated 1n such
a circuit design. 50

SUMMARY

In order to solve the above mentioned technical problem,
various embodiments provide a novel dimmer circuit. 55
According to various embodiments, a deep dimming 1s
turther realized when the LED lighting device 1s regulated to
reach a relatively low dimming level, so as to satisiy the
requirements of users on dimming. Moreover, as said dim-
mer circuit does not perform a deep dimming by utilizing 60
dissipative elements, the power dissipation of the dimmer
circuit per se 1s reduced, and such a dimmer circuit further
has the advantages of simple structure and low cost. In
addition, various embodiments further relate to an LED
lighting device having the dimmer circuit mentioned above. 65

According various embodiments, said dimmer circuit
includes a rectification module, a control module and an

2

output module, wherein the control module receives an input
signal 1 rectified through the rectification module, and con-
trols the output module to supply a load with an output
signal 1n accordance with the mput signal, characterized by
further comprising a compensation module which collects
sampled signals characterizing dimming state of the dimmer
circuit between the control module and the output module,
and supplies the control module with a compensation signal
in accordance with the sampled signals, the control module
then changes the value of the output signal according to the
input signal and the compensation signal. Through the
addition of a compensation module 1n the dimmer circuit,
the control over the driver circuit 1s realized and the possi-
bility for a further deep dimming 1s provided, even 1n a
situation that the dimmer circuit reaches to the lower limit of
the dimming range, viz. its phase cut angle reaches the
minimum value. The term “deep dimming” 1n the scope of
the present disclosure means e.g. increase of the dimming
range, or further decrease of the value of the phase cut angle,
or decrease of the value of an input signal (e.g. current).

In an embodiment of the present disclosure, the compen-
sation module supplies the control module with the com-
pensation signal when the sampled signal represents a
dimming boundary state of the dimmer circuit. In this case,
such a design provides the dimmer circuit with a specific
dimming mode, which enables a corresponding regulation of
the control module 1n accordance with the condition char-
acterized by the sampled signal, so as to realize the possi-
bility of a deep dimming. It 1s identified through the sampled
signal whether the driver circuit reaches 1ts lower limit of the
dimming range, 1i so, the compensation module begins to
work, and supplies the control module with the compensa-
tion signal, so as to realize the desired “deep dimming”.

In a preferable embodiment according to the present
disclosure, the compensation module comprises a sampling
umit and a compensation signal generating umt, which
acquires a first signal characterizing the sampled signal
through the sampling unit and generates the compensation
signal 1n accordance with a comparison result between the
first signal and a threshold value. In this case, the compen-
sation module selectively determines whether the dimmer
circuit 1s in the dimming boundary state, so as to decide
whether 1t 1s necessary to send the compensation signal to
the control module.

It 1s preferable that the compensation signal generating
unit comprises a trigger unit and a compensation unit, the
trigger unit acquires the first signal through the sampling
unit and starts to supply the compensation unit with a trigger
signal when the first signal 1s less than a DC power voltage
as the threshold value, while the compensation unit supplies
the control module with the compensation signal 1 accor-
dance with the trigger signal. In this case, through the
interaction between the trigger unit and the compensation
umt, a signal for further control can be supplied to the
control module 1n accordance with the signal of the sam-
pling umit, so as to eflectively and simply regulate the
dimming effect of the driver circuit.

It 1s preferable that the trigger unit comprises a first
transistor that turns on and outputs the trigger signal when
the first signal 1s less than the DC power voltage as the
threshold value. As core component of the trigger unit, the
first transistor simply compares the threshold value and the
first signal, and functions 1n the form of a switching element
according to the comparison result, so as to discontinuously
supply trigger signals.

It 1s preferably that the trigger unit further comprises a
shunt branch, the reference electrode of the first transistor 1s
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in connection with the DC power voltage, the control
clectrode 1s 1n connection with the output of the sampling
unit, and the working electrode 1s grounding through the
shunt branch. Said shunt branch provides the trigger unit
with environment for stable operation, which assures the
safety of said trigger umit and simultaneously ensures the
stability of electrical signals.

It 1s preferable that the shunt branch comprises a first
resistor, a second resistor and a first capacitor, the first
resistor and the first capacitor connected that are in series are
connected 1n parallel with the second resistor, wherein the
output of the trigger unit 1s located between the first resistor
and the first capacitor. Said first and second resistors provide
the unit, 1n which they are present, with electrical signals
after current limiting, and realize normal operation of the
transistor and ensure the operation satety of the circuit,
while the first capacitor has the function of filtering signals
to assure the stability of electrical signals.

It 1s preferable that the compensation unit comprises a
second transistor as an amplifier. As core component of the
compensation unit, said second transistor supplies proper
and stable control signals to a downstream unit according to
signals from the upstream unait.

It 1s preferable that the compensation unit further com-
prises a voltage stabilizing element, the anode of the voltage
stabilizing element 1s 1n connection with the control elec-
trode of the second transistor, and the cathode 1s 1n connec-
tion with the output of the trigger umt. As another core
component of said compensation umt, said voltage stabiliz-
ing component stabilizes the voltage of said compensation
unit, and said compensation unit supplies a downstream unit
with electrical signals according to said stabilized voltage.

It 1s preferable that the voltage stabilizing element 1s at
least one Zener diode. Zener diode 1s a simple and effective
voltage stabilizing element. Thus, one or more Zener diodes
connected 1n series can be selected as voltage stabilizing
clement according to actual situation.

It 1s preferable that the compensation unit further com-
prises a third resistor, one end of the third resistor 1s in
connection with the reference electrode of the second tran-
sistor, while the other end 1s 1n connection with the control
module to provide the compensation signal. The third resis-
tor influences the strength of electrical signals provided by
the second transistor for a downstream unit, and the value of
the compensation signal can be changed by changing the
value of the third resistor.

It 1s preferable that the sampling unit comprises a voltage
dividing branch formed by a fourth resistor and a fifth
resistor connected 1n series, one end of the voltage dividing,
branch 1s connected between the control module and the
output module, while the other end 1s grounding. A desired
dimming eflect can be achieved by properly selecting the
values of the fourth and fifth resistors.

It 1s preferable that the sampling unit further comprises a
first diode, the anode of the first diode 1s connected between
the fourth resistor and the fifth resistor, while the cathode of
the first diode 1s 1n connection with the DC power voltage,
and a node between the anode of the first diode and the fiith
resistor forms the output of the sampling unit. The first diode
defines the flow direction of the electrical signals at this part,
and 1t 1s prevented thereby that the DC power voltage of high
potential tlows to the voltage dividing branch.

It 1s preferable that the sampling unit further comprises a
second capacitor which 1s connected in parallel with the fifth
resistor. The second capacitor 1s capable of filtering unnec-
essary electrical signals out, and assuring working stability
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of said sampling unit, so that the downstream compensation
unit can work eflectively and stably.

It 1s preferable that the control module comprises an IC
controller, wherein the input signal and the compensation
signal are respectively inputted into a first input and a second
input of the IC controller, and the output of the IC controller
supplies the control module with a control signal. According
to said control signal, the output current of the output
module can have further changes, in particular, can be
further lessened.

It 1s preferable that the output module comprises a third
transistor and a transformer, the control electrode of the third
transistor 1s 1n connection with the output of the IC control-
ler, the working electrode 1s 1n connection with a primary
coll of the transformer, the reference electrode is on one
hand 1n connection with the second input through a eighth
resistor and on the other hand 1n connection with ground
through a sixth resistor. Said third transistor can be a field
ellect transistor, which, as a core component of said output
module, controls the value of signal output of said module,
so as to realize vanation of output current of the driver
circuit.

Various embodiments further provide an LED lighting
device. Said LED lighting device includes an LED compo-
nent as load, and further comprises the dimmer circuit
according to the above description. Said dimmer circuit
allows the LED lighting device to have a further deep
dimming, even when reaching the lower limit of the dim-
ming range.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer
to the same parts throughout the different views. The draw-
ings are not necessarily to scale, emphasis instead generally
being replaced upon 1llustrating the principles of the disclo-
sure. In the following description, various embodiments of
the disclosure are described with reference to the following
drawings, 1n which:

FIG. 1 1s a schematic diagram of the output current of a
dimmer circuit without the compensation unit (the prior art);

FIG. 2 1s a schematic block diagram of a dimmer circuit
according to the present disclosure;

FIG. 3 1s the circuit diagram of an embodiment of the
dimmer circuit according to the present disclosure; and

FIG. 4 1s a schematic diagram of the output current of the
dimmer circuit according to the present disclosure.

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The following detailed description refers to the accom-
panying drawing that show, by way of illustration, specific
details and embodiments 1n which the disclosure may be
practiced.

FIG. 2 shows a schematic block diagram of a dimmer
circuit 100 according to the present disclosure. As shown 1n
FI1G. 2, said novel dimmer circuit 100 can be modularized
into a plurality of umits for realizing different functions, for
example: a rectification module 1, a control module 2, an
output module 3 and a compensation module 4. The control
module 2 recerves an input signal S1 from a power network
alter being rectified through the rectification module 1, and
controls the output module 3 to supply a load with an output
signal S2 1n accordance with the mnput signal S1. Moreover,
in order to achieve the object of the present disclosure, said
dimmer circuit 100 further comprises the compensation
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module 4, which collects sampled signals S3 characterizing,
dimming state of the dimmer circuit 100 between the control
module 2 and the output module 3, and supplies the control
module 2 with a compensation signal S4 in accordance with
the sampled signal S3, the control module 2 then changes the
value of the output signal S2 according to the input signal S1
and the compensation signal S4. Hereby, the object for a
deep dimming of the dimmer circuit 100 1s achieved.

FIG. 3 shows the circuit diagram of an embodiment of the
dimmer circuit 100 according to the present disclosure. As
shown 1n FIG. 3, the compensation module 4 comprises a
sampling unit 41 and a compensation signal generating unit
42. Said sampling unit 41 comprises a first diode D1, a
fourth resistor R4, a fifth resistor RS and a second capacitor
C2. The second capacitor C2 and the fifth resistor RS form
a bypass circuit after being connected in parallel with each
other, wherein the effect of filtering undesired communica-
tion signals out can be achieved and the working stability of
the sampling unit 1s assured. The anode of the first diode D1
1s connected between the fourth resistor R4 and the fifth
resistor RS, and the cathode of the first diode D1 1s 1n
connection with a DC power voltage VCC, and a node
between the anode of the first diode D1 and the fifth resistor
RS forms the output K41 of the sampling unit 41. Moreover,
a voltage dividing branch 1s formed by the fourth resistor R4
and the fifth resistor RS that are connected 1in series, one end
of said voltage dividing branch 1s connected between the
control module 2 and the output module 3, while the other
end 1s grounding.

In this case, the compensation signal generating unit 42
acquires a first signal S6 characterizing the sampled signal
S3 through the sampling unit 41 described above and
generates the compensation signal S4 1 accordance with a
comparison result between the first signal S6 and a threshold
value. The compensation module 4 supplies the control
module 2 with the compensation signal S4, when the
sampled signal S3 represents a dimming boundary state of
the dimmer circuit 100, viz. when reaching the lower limit
of the dimming range.

FIG. 3 further shows that the compensation signal gen-
crating unit 42 further comprises a trigger unit 421 and a
compensation unit 422. The trigger unit 421 comprises a first
transistor Q1, a first resistor R1, a second resistor R2 and a
first capacitor C1. The first transistor Q1 turns on and
outputs a trigger signal S7, when the first signal S6 1s less
than the DC power voltage VCC as the threshold value.
Moreover, the first resistor R1, the second resistor R2 and
the first capacitor C1 form a shunt branch, in particular, the
first resistor R1 and the first capacitor C1 that are connected
in series are connected 1n parallel with the second resistor
R2, wherein the output K421 of the trigger unit 421 1is
located between the first resistor R1 and the first capacitor
C1. The reference electrode of the first transistor Q1 1s 1n
connection with the DC power voltage VCC, the control
clectrode 1s 1n connection with the output K41 of the
sampling unit 41, and the working electrode 1s grounding
through the shunt branch. The trigger unit 421 acquires the
first signal S6 through the sampling unit 41 and opens to
supply the compensation unit 422 with the trigger signal S7
when the first signal S6 1s less than the DC power voltage
VCC as the threshold value, while the compensation unit
422 supplies the control module 2 with the compensation
signal S4 in accordance with the trigger signal S7.

The compensation unit 422, as shown 1n FIG. 3, com-
prises a second transistor Q2, a voltage stabilizing element
and a third resistor R3. As an amplifier, the second transistor
Q2 supplies the downstream unit, viz. the control module 2,
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with a proper and stable compensation signal S4 according
to the trigger signal S7 from the upstream unit, viz. the
trigger unit 42. Moreover, one Zener diode D5 1s used here
as voltage stabilizing element, the anode of said voltage
stabilizing element 1s 1n connection with the control elec-
trode of the second transistor Q2, and the cathode 1s in
connection with the output K421 of the trigger unit 421.
Furthermore, the third resistor R3 functioning for current
limiting has one end in connection with the reference
clectrode of the second transistor (J2, and the other end 1n
connection with the control module 2 to provide the com-
pensation signal S4.

In an unshown embodiment, a plurality of Zener diodes
connected 1n series can be used as voltage stabilizing
clement.

FIG. 3 further shows a detailed drawing of the control
module 2 and the output module 3. The control module 2
comprises an 1C controller IC, wherein the mput signal S1
and the compensation signal S4 are respectively inputted
into a first mput K1 and a second mput K2 of the IC
controller IC, and the output K3 of the IC controller IC
supplies the control module 3 with the control signal S5. The

output module 3 comprises a third transistor Q3 and the
transformer TX1, the control electrode of the third transistor
Q3 is in connection with the output K3 of the IC controller
IC, the working electrode 1s 1n connection with a primary
coil P1 of the transtformer TX1, the reference electrode 1s on
one hand 1n connection with the second input K2 through a
eighth resistor R8 and on the other hand in connection with
ground through a sixth resistor R6. In this way, through the
third resistor R3, the compensation unit 422 can supply the
control module 2 with the compensation signal S4 combined
with the eighth resistor R8, so as to realize turther control
over the output module 3, specifically, can influence the
main current of the transistor Q3 of the output module 3 for
instance.

R38
(V2 - VD5 — Vsense) % 3 + Vsense

R6

ip =

wherein V2 represents the voltage at the node K421, VD3
represents the voltage of the voltage stabilizing element D3,
Vsense, viz. the compensation signal S4, represents the
voltage between the eighth resistor R8 and the third resistor
R3.

By comparing the schematic diagrams of output current of
a dimmer circuit 100 respectively shown in FIG. 1 (the prior
art) and FIG. 4 (1n accordance with the present disclosure),
the eflect of “deep dimming” realized by the dimmer circuit
100 according to the present disclosure can be clearly
identified. For example, during a dimming process, 1 a
situation of the same nput voltage, the value of the output
current Iol of the dimmer circuit according to the prior art
1s relatively larger, as shown 1n FIG. 1; while the value of the
output value Io2 of the dimmer circuit 100 with the com-
pensation module 4 according to the present disclosure 1s
less with respect to Iol, as shown 1n FIG. 4. Through the
comparison between the output currents Iol and Io2 of
FIGS. 1 and 4, it can be determined that a less output current
can be obtained 1n the embodiment of the dimmer circuit 100
according to the present disclosure, compared with a dim-
mer circuit without a compensation module.

While the disclosed embodiments have been particularly
shown and described with reference to specific embodi-
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ments, 1t should be understood by those skilled 1n the art that
vartous changes 1in form and detaill may be made therein
without departing from the spirit and scope of the disclosed
embodiments as defined by the appended claims. The scope
of the disclosed embodiments 1s thus indicated by the
appended claims and all changes which come within the
meaning and range of equivalency of the claims are there-
fore mtended to be embraced.

LIST OF REFERENCE SIGNS

1 rectification module

2 control module

3 output module

4 compensation module

41 sampling unit

42 compensation signal generating unit
421 trigger unit

422 compensation unit

R1 first resistor

R2 second resistor

R3 third resistor

R4 fourth resistor

RS fifth resistor

R6 sixth resistor

R8 eighth resistor

C1 first capacitor

C2 second capacitor

Q1 first transistor

Q2 second transistor

Q3 third transistor

D1 first diode

D5 voltage stabilizing element/Zener diode
S1 iput signal

S2 output signal

S3 sampled signal

S4 compensation signal

S5 control signal

S6 first signal

ST trigger signal

K1 first input of the control module
K2 second imput of the control module
K3 output of the control unit

K41 output of the sampling unit
K421 output of the trigger unit

P1 primary coil

IC IC controller

TX1 transformer

What 1s claimed 1s:

1. A dimmer circuit comprising: a rectification module, a
control module and an output module, wherein the control
module recerves an mput signal rectified through the recti-
fication module and controls the output module to supply a
load with an output signal 1 accordance with the input
signal, and a compensation module which collects sampled
signals characterizing dimming state of the dimmer circuit
between the control module and the output module, and
supplies the control module with a compensation signal 1n
accordance with the sampled signals, the control module
changing the value of the output signal according to the
input signal and the compensation signal.

2. The dimmer circuit according to claim 1, wherein the
compensation module supplies the control module with the
compensation signal when the sampled signal characterizes
that the dimmer circuit 1s in dimming boundary state.

3. The dimmer circuit according to claim 1, wherein the
compensation module comprises a sampling unit and a
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compensation signal generating unit which acquires a first
signal characterizing the sampled signal through the sam-
pling unit and generates the compensation signal 1 accor-

dance with a comparison result between the first signal and
a threshold value.

4. The dimmer circuit according to claim 3, wherein the
compensation signal generating unit comprises a trigger unit
and a compensation unit, the trigger unit acquires the first
signal through the sampling unit and starts to supply the
compensation unit with a trigger signal when the first signal
1s less than a DC power voltage as the threshold value, while
the compensation unit supplies the control module with the
compensation signal in accordance with the trigger signal.

5. The dimmer circuit according to claim 4, wherein the
trigger unit comprises a first transistor which turns on and
outputs the trigger signal when the first signal 1s less than the
DC power voltage.

6. The dimmer circuit according to claim 5, wherein the
trigger unit further comprises a shunt branch, the reference
clectrode of the first transistor 1s 1n connection with the DC
power voltage, the control electrode 1s 1n connection with
the output of the sampling unit, and the working electrode 1s
grounding through the shunt branch.

7. The dimmer circuit according to claim 6, wherein the
shunt branch comprises a first resistor, a second resistor and
a first capacitor, the first resistor and the first capacitor that
are connected 1n series are connected in parallel with the
second resistor, wherein the output of the trigger unit 1s
located between the first resistor and the first capacitor.

8. The dimmer circuit according to claim 4, wherein the
compensation unit comprises a second transistor as an
amplifier.

9. The dimmer circuit according to claim 8, wherein the
compensation unit further comprises a voltage stabilizing
clement, the anode of the voltage stabilizing element is 1n
connection with the control electrode of the second transis-
tor, and the cathode 1s 1n connection with the output of the
trigger unit.

10. The dimmer circuit according to claim 9, wherein the
voltage stabilizing element 1s at least one Zener diode.

11. The dimmer circuit according to claim 8, wherein the
compensation unit further comprises a third resistor, one end
of the third resistor 1s in connection with the reference
electrode of the second transistor, and the other end 1s 1n
connection with the control module to provide the compen-
sation signal.

12. The dimmer circuit according to claim 4, wherein the
sampling unit comprises a voltage dividing branch formed
by a fourth resistor and a fifth resistor connected 1n series,
one end of the voltage dividing branch 1s connected between
the control module and the output module, and the other end
1s grounding.

13. The dimmer circuit according to claim 12, wherein the
sampling unit further comprises a first diode, the anode of
the first diode 1s connected between the fourth resistor and
the fifth resistor, and the cathode of the first diode 1s 1n
connection with the DC power voltage, and a node between
the anode of the first diode and the fifth resistor forms the
output of the sampling unait.

14. The dimmer circuit according to claim 12, wherein the
sampling umt further comprises a second capacitor con-
nected 1n parallel with the fifth resistor.

15. The dimmer circuit according to claim 4, wherein the
control module comprises an IC controller, wherein the
input signal and the compensation signal are respectively
inputted into a first input and a second input of the IC
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controller, and the output of the IC controller supplies the
control module with a control signal.

16. The dimmer circuit according to claim 135, wherein the
output module comprises a third transistor and a trans-
former, the control electrode of the third transistor 1s in
connection with the output of the IC controller, the working
clectrode 1s 1n connection with a primary coil of the trans-
former, the reference electrode 1s on one hand in connection
with the second input through a eighth resistor and on the
other hand 1n connection with ground through a sixth
resistor.

17. An LED lighting device comprising an LED compo-
nent as a load, comprising a dimmer circuit, the dimmer
circuit comprising: a rectification module, a control module
and an output module, wherein the control module receives
an input signal rectified through the rectification module and
controls the output module to supply the load with an output
signal 1n accordance with the mput signal, and a compen-
sation module which collects sampled signals characterizing
dimming state of the dimmer circuit between the control
module and the output module, and supplies the control
module with a compensation signal 1n accordance with the
sampled signals, the control module changing the value of
the output signal according to the mput signal and the
compensation signal.
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